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[Type of the Document] Specification 

[Title of the Invention] PHOTOELECTRIC CONVERSION APPARATUS 

[What Is Claimed Is:] 

[Claim 1] A photoelectric conversion apparatus in 
which a read unit for amplifying and reading electric 
charge transferred by a transfer device and a driving unit 
for driving the transfer means are connected to a 
two-dimensional sensor having a plurality of pixels, which 
are two-dimensionally arranged, each formed from a 
combination of a photoelectric conversion element which 
converts radiation or visible light into an electrical 
signal and generates electric charge and the transfer 
device for transferring the electric charge generated by 
the photoelectric conversion element at an arbitrary 
timing, comprising 

a phototimer detection unit for detecting the 
radiation or visible light to control exposure of the 
radiation or visible light, 

wherein a common path is used both as a signal 
transmission path which connects the transfer device to the 
read unit and a signal transfer path of said phototimer 
detection unit. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to Which the Invention Belongs] 
The present invention relates to a photoelectric 
conversion apparatus, more particularly, to a photoelectric 
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conversion apparatus are suitable for exposure control. 
[0002] 

[Prior Art] 

In X-ray radiography, an automatic exposure control 
device (phototimer) is widely used. The phototimer is 
placed behind or in front of a film to convert X-rays 
transmitted through an object to be radiographed into an 
electrical signal, and shuts off X-rays when the integral 
of this electrical signal reaches a predetermined value, 
thereby keeping the density of an X-ray image constant. 
[0003] 

Fig. 13 shows the arrangement of a conventional 
phototimer. 

As shown in Fig. 13, the phototimer is constituted by 
a phosphor 108 and photomultiplier 112. The phototimer 
converts X-rays 102 transmitted through a human body 103 
into light by using the phosphor 108, guides the light to 
the photomultiplier 112 through a lightguide 111, and 
converts the light, converted by the photomultiplier 112, ' 
into an electrical signal. 
[0004] 

The electrical signal output from the photomultiplier 

112 in this manner is stored in an integrating capacitor 
113. The voltage generated by the integrating capacitor 

113 when the electrical signal is stored is monitored by a 
processing circuit 114 constituted by a comparator 115 and 
density setting device 116. 
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[0005] 

When the voltage reaches a predetermined value, the 
processing circuit 114 sends a signal for shutting off the 
X-rays 102 (X-ray source control signal 117) to an X-ray 
source 101. 
[0006] 

In general, one or a plurality of phototimers based 
on the above principle are mounted in the X-ray imaging 
apparatus to control the X-rays 102. 
[0007] 

Recently, a digital X-ray imaging apparatus has been 
put into practice (see, e.g., Patent Reference 1), which is 
a combination of a two-dimensional sensor formed by 
depositing amorphous silicon on a glass substrate, a 
photoelectric conversion apparatus to which a driver 
circuit which drives transistors and amplifiers for 
amplifying signals from the two-dimensional sensor are 
connected, and a phosphor. 
[0008] 

This digital X-ray imaging apparatus is designed to 
convert X-rays transmitted through a human body into an 
electrical signal, store an image as digital information, 
and output it. The performance of the digital X-ray 
imaging apparatus is equal to or higher than that of a 
conventional film type X-ray imaging apparatus. 
[0009] 

The above digital X-ray imaging apparatus is becoming 
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popular in the medical field because of its advantages, 
that are unnecessity of developing, ease of image 
processing, and ease of storage and transfer of data. 

For exposure control in such a digital X-ray imaging 
apparatus, a phototimer like that used in a film type X-ray 
imaging apparatus is used. 
[0010] 
[Patent Reference 1] 
U.S. Patent No. 5,448,613 
[0011] 

[Problems That the Invention Is to Solve] 
A phototimer, however, roughly has two problems: one 
based on the sensitivity difference between a means for 
obtaining an X-ray 'image and the phototimer, and the other 
based on the number of phototimers to be installed. 
[0012] 

In a conventional phototimer, light from a phosphor 
is converted into an electrical signal by a 
photomultiplier . Even if , therefore, the same phosphor as 
that used for X-ray radiography is used, the principle of 
the sensitivity of a film or the photoelectric conversion 
apparatus differs from that of the phototimer. 
[0013] 

Conventionally, therefore, the characteristics of the 
phototimer are electrically corrected to become identical 
to those of the X-ray imaging apparatus, thereby 
compensating for the sensitivity difference. It is, 
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however, difficult to precisely match the sensitivity 
characteristics (tube voltage characteristics and 
linearity) , signal-to-noise ratio (S/N ratio) , and offset 
amount of the phototimer with those of the X-ray imaging 
apparatus. Consequently, accurate exposure precision 
cannot be obtained. 
[0014] 

In order to perform accurate exposure at any region, 
phototimers must be installed at positions corresponding to 
the respective regions. In consideration of installation 
places and cost, it is not realistic to install phototimers 
at positions corresponding to various regions. 
[0015] 

Assume that phototimers are arranged for chest 
radiography alone. Even in this case, since there are 
physical differences between adults and children, and 
different densities are required depending on diagnostic 
regions, exposure control cannot always be relied on the 
phototimers . 
[0016] 

Owing to the above problems, according to the 
conventional techniques, even if an X-ray imaging apparatus 
is equipped with phototimers, radiography cannot be relied 
on the phototimers in all radiographic conditions. The 
real situation is that radiography with proper exposure 
needs to be relied on the experiences of technicians 
regardless of whether a film type apparatus or digital 
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apparatus is used. 
[0017] 

In order to reduce failures in radiography, 
therefore, a patient is irradiated with a relatively high 
dose of X-rays to increase the contrast, resulting in an 
increase in the radiation dose of the patient. 
[0018] 

In order to make a conventional phototimer comply 
with an X-ray imaging apparatus having a new principle or 
mechanism such as a digital X-ray imaging apparatus, it is 
necessary to match the sensitivity characteristics of the 
phototimer with those of a sensor used in the X-ray imaging 
apparatus. This requires many verifications. 
[0019] 

At an early stage of proliferation of digital X-ray 
imaging apparatuses on the market, only a small amount of 
clinical data has been obtained, leading to poor exposure 
precision. These problems have interfered with the 
development and widespread use of X-ray imaging 
apparatuses. 
[0020] 

The present invention has been made in consideration 
of the above problems, and has as its object to easily and 
reliably perform proper exposure control in executing 
radiography. 
[0021] 

[Means of Solving the Problems] 
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The first aspect of the present invention relates to 
a photoelectric conversion apparatus in which a read unit 
for amplifying and reading electric charge transferred by a 
transfer device and a driving unit for driving the transfer 
means a connected to a two-dimensional sensor 
two-dimensionally having a plurality of pixels each formed 
from a combination of a photoelectric conversion element 
which converts radiation or visible light into an 
electrical signal and generates electric charge and the 
transfer device for transferring the electric charge 
generated by the photoelectric conversion element at an 
arbitrary timing, comprising a phototimer detection unit 
for detecting the radiation or visible light to control 
exposure of the radiation or visible light, wherein a 
common path is used both as a signal transmission path 
which connects the transfer device to the read unit and a 
signal transfer path of the phototimer detection unit. 
[0022] 

[Embodiment of the Invention] 
The embodiments of the present invention will be 
described in detail next with reference to the accompanying 
drawings. In the first to fourth embodiments to be 
described below, in order to solve the above problems, a 
phototimer is formed on a signal line for sending an 
electrical signal stored in a photoelectric conversion 
element to a read unit which amplifies and reads out the 
signal in a two-dimensional sensor. 
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[0023] 
(First Embodiment) 

The first embodiment of the present invention will be 
described. 

Fig. 1 is a view showing an example of one pixel of 
the two-dimensional sensor used in a digital X-ray imaging 
apparatus according to the first embodiment of the present 
invention. For the sake of convenience, Fig. 1 shows no 
phosphor or the like. 
[0024] 

Each pixel of the two-dimensional sensor has a MIS 
(Metal-Insulator-Semiconductor) type photoelectric 
conversion unit 202 placed as a photoelectric conversion 
element which converts visible light emitted from a 
phosphor into an electrical signal and stores it, and a TFT 
(Thin-Film-Transistor) 201 placed as a transfer device for 
transferring the electric charge stored in the MIS type 
photoelectric conversion unit 202. 
[0025] 

A gate electrode 302, sensor bias line 314, and 
signal line 308 are connected to the above pixel. The gate 
electrode 302 drives the TFT 201. The sensor bias line 314 
applies a voltage required for photoelectric conversion or 
electric charge storage to the MIS type photoelectric 
conversion unit 202. The signal line 308 sends an 
electrical signal from the TFT 201 to a read circuit (not 
shown in Fig. 1) . 
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[0026] 

A phototimer detection unit 203 which is a 
characteristic feature of this embodiment is formed in the 
signal line 308, as shown in Fig. 1. Forming the 
phototimer detection unit 203 on the signal line 308 in 
this manner makes it possible to incorporate the phototimer 
detection unit 203 for exposure control without affecting 
the aperture ratio of pixels which influence the 
performance of the X-ray imaging apparatus and the 
characteristics of the MIS type photoelectric conversion 
unit 202. 
[0027] 

Fig. 2 is a sectional view taken along a line A - A 1 
in Fig. 1. 

The above pixel is formed on a glass substrate 301. 
The TFT 201 is constituted by the gate electrode 302 made 
of chromium, aluminum, or an aluminum alloy, an insulating 
film 303 formed from an amorphous silicon nitride film, a 
channel layer 304 made of amorphous silicon hydride (a-Si: 
H) , an N+ amorphous silicon layer 305 for ohmic contact 
between the channel layer 304 and a metal electrode, and 
source and drain electrodes 306 and 307 which are made of a 
metal such as aluminum or an aluminum alloy. 
[0028] 

The MIS type photoelectric conversion unit 202 in 
this embodiment is a MIS type amorphous silicon 
photosensor, which is constituted by a sensor lower 
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electrode 309 formed on the glass substrate 301 by using a 
metal such as chromium, aluminum, or an aluminum alloy, an 
insulating layer 310 formed from a thin silicon nitride 
film serving as an insulating layer of the MIS type 
photoelectric conversion unit (photosensor) 202, a 
photoelectric conversion layer 311 made of amorphous 
silicon hydride which converts visible light into an 
electrical signal, an N+ type amorphous silicon layer 312 
which obtains ohmic contact between the photoelectric 
conversion layer 311 and an electrode and blocks the 
injection of holes from a sensor bias line 314, a 
transparent electrode 313 which is made of ITO (indium Tin 
Oxide) and applies a voltage to the MIS type photoelectric 
conversion unit (photosensor) 202, and the sensor bias line 
314 made of aluminum or chromium. 
[0029] 

In addition, the following are formed above the TFT 
201 and MIS type photoelectric conversion unit 202: a 
protective layer 315 for protecting the MIS type 
photoelectric conversion unit (photosensor) 202 and the TFT 
201 against humidity and foreign substances, a phosphor 317 
which converts radiation into visible light, a bonding 
layer 316 for bonding the phosphor 317, and a phosphor 
protective layer 318 for protecting the phosphor 317 
against humidity. 
[0030] 

The reason why an amorphous silicon process is used 



- 10 - 



CFM03489/P204-0048 



for a two-dimensional sensor in this manner is that a film 
having a large area can be uniformly formed, and the 
characteristics of the MIS type photoelectric conversion 
unit 202 and TFT 201 can be made uniform. 
[0031] 

Fig. 3 is a sectional view taken along a line B - B' 
in Fig. 1. 

The phototimer detection unit 203 in this embodiment 
has almost the same layer arrangement as that of the MIS 
type photoelectric conversion unit 202. 
[0032] 

More specifically, the phototimer detection unit 203 
includes the gate electrode 302 of the TFT 201 which is 
formed on the glass substrate 301 and has the same function 
as that of the sensor lower electrode 309, an insulating 
layer 403 having . the same function as that of the 
insulating layer 310, a photoelectric conversion layer 401 
made of amorphous silicon hydride which converts visible 
light into an electrical signal, an N+ amorphous silicon 
layer 402 which obtains ohmic contact between the 
photoelectric conversion layer 401 and a transparent 
electrode 404 and blocks the injection of holes from the 
signal line 308, and the transparent electrode 404 which 
applies a voltage necessary for photoelectric conversion to 
the phototimer detection unit 203 and is sufficiently 
transparent to guide visible light to the photoelectric 
conversion layer 401. 
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[0033] 

As shown in Fig. 1, all these components are formed 
in the same place as that of the signal line 308. In 
addition, the transparent electrode 404 functions as a 
signal line as well as having the function of applying a 
voltage to the phototimer detection unit 203 and extracting 
a signal. 
[0034] 

In this phototimer detection unit 203, visible light 
carrying an X-ray signal emitted from the phosphor 317 is 
incident on the photoelectric conversion layer 401 through 
the transparent electrode 404 formed to be flush with the 
signal line 308. The incident light is converted into 
electrons and holes by the photoelectric conversion layer 
401 with its photoelectric effect. The electrons are sent 
as exposure information through the signal line 308. 
[0035] 

The operation principles of the MIS type 
photoelectric conversion unit 202 and phototimer detection 
unit 203 in this embodiment will be described with 
reference to the energy band diagrams of the MIS type 
photoelectric conversion unit 202 shown in Fig. 4. 
[0036] 

The state shown in Fig. 4(a) indicates storing 
operation (photoelectric conversion mode) in which a 
positive voltage is applied to the sensor bias line 314 of 
the MIS type photoelectric conversion unit 202. 
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In this photoelectric conversion mode, holes 503 
generated in the photoelectric conversion layer 311 by an 
electric field in the photoelectric conversion layer 311 
owing to the photoelectric effect move to the interface 
between the insulating layer 310 and the photoelectric 
conversion layer 311 (photoelectric conversion 
layer-insulating layer interface) , and electrons move 
toward the N+ type amorphous silicon layer 312. 
[0037] 

At this time, the holes 503 cannot move through the 
insulating layer 310 and hence are stored on the 
photoelectric conversion layer-insulating layer interface. 
Therefore, the MIS type photoelectric conversion unit 202 
generates a voltage proportional to the dose and 
irradiation time of light. 
[0038] 

When holes 503 are stored in a given amount, as shown 
in Fig. 4(b), the voltage originating from the holes 503 
stored in the photoelectric conversion layer - insulating 
layer interface becomes equal to the voltage applied to the 
MIS type photoelectric conversion unit (photosensor) 202. 
Consequently, no electric field is generated in the 
photoelectric conversion layer 311. 
[0039] 

In this state, the holes 503 generated in the 
photoelectric conversion layer 311 cannot move to the 
photoelectric conversion layer - insulating layer interface 
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and recombine with the electrons 502 to disappear. As a 
consequence, no voltage is generated which is proportional 
to the dose and irradiation time of light. This state is 
called a saturated state. 
[0040] 

In the MIS type photoelectric conversion unit 202 in 
the saturated state, no voltage is generated which is 
proportional to the dose and irradiation time of light. In 
this state, therefore, no normal X-ray image can be 
obtained by radiography. 
[0041] 

In order to set the MIS type photoelectric conversion 
unit 202 in the state shown in Fig. 4(a) (photoelectric 
conversion mode) again, holes must be swept out of the 
photoelectric conversion layer - insulating layer interface 
by setting the voltage of the sensor bias line 314 to a 
voltage lower than that in the states shown in Figs. 4(a) 
and 4(b). This operation is called refresh operation. 
[0042] 

At this time, new holes 503 can be stored in an 
amount equal to the amount of holes 503 swept out by 
setting the voltage of the sensor bias line 314 to a lower 
voltage. Immediately after the refresh operation changes 
to the photoelectric conversion mode, a current due to the 
electrons 502 injected into the photoelectric conversion 
layer 311 in the refresh operation flows, resulting in a 
temporary increase in dark current. 
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[0043] 

Setting the voltage of the sensor bias line 314 to a 
lower voltage can make it more difficult for the sensor to 
become saturated even with irradiation with a large amount 
of light. However, as the voltage of the sensor bias line 
314 in refresh operation is decreased, the amount of 
electrons injected into the photoelectric conversion layer 
311 in the refresh operation increases, resulting in 
generating more current than when the voltage (bias) of the 
sensor bias line 314 is returned to the voltage (bias) set 
in the storing operation. 
[0044] 

The difference between the sensor bias in refresh 
operation and that in the photoelectric conversion mode is 
so set as to ensure the dynamic range of the sensor (MIS 
type photoelectric conversion unit 202) and sufficiently 
reduce the dark current. 
[0045] 

The phototimer detection unit 203 shares the gate 
electrode 302 and signal line 308 with the TFT 201. For 
this reason, voltages for setting the phototimer detection 
unit 203 in the photoelectric conversion mode and refresh 
mode and a voltage for driving the gate of the TFT 201 must . 
be set to be optimal for both the TFT 201 and the 
phototimer detection unit 203. 
[0046] 

According to the above description, in order to make 
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the MIS type photoelectric conversion unit 202 and 
phototimer detection unit 203 generate outputs proportional 
to the dose and irradiation time of light, a series of 
operations, i.e., storing operation -» light irradiation -> 
signal reading -» refresh operation, must be repeated. 
[0047] 

Fig. 5 sequentially show the manufacturing steps of a 
pixel in this embodiment. 

In forming the TFT 201 and MIS type photoelectric 
conversion unit '202, first of all, a chromium, aluminum, or 
aluminum film serving as the gate electrode 302 and sensor 
lower electrode 309 is formed on the glass substrate 301 by 
sputtering. 
[0048] 

The metal film formed on the glass substrate 301 in 
this manner is separated into the gate electrode 302 and 
sensor lower electrode 309 by lithography and etching (the 
gate electrode forming step in Fig. 5(a)). 
[0049] 

The following films are then sequentially deposited 
by a chemical vapor deposition (CVD) method, a plasma CVD 
method, or the like: an amorphous silicon nitride film 
serving as the insulating film 303 of the TFT 201 and the 
insulating layer 310 of the MIS type photoelectric 
conversion unit 202; an amorphous silicon hydride film 
serving as the channel layer 304 of the TFT 201 and the 
photoelectric conversion layer 311 of the MIS type 
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photoelectric conversion unit 202; and an amorphous silicon 
hydride film serving as the N+ amorphous silicon layers 305 
and 312 which are doped with an impurity to have negative 
conductivity (the amorphous silicon deposition step in 
Fig. 5(b)), 
[0050] 

After a hole is formed in a portion of the amorphous 
silicon film on the sensor. lower electrode 309 in the state 
shown in Fig. 5(b) by a plasma etching method or the like, 
an aluminum or aluminum alloy film serving as the signal 
line 308, the source electrode 306 and drain electrode 307 
of the TFT 201, and the sensor bias line 314 is formed by a 
sputtering method (the electrode layer forming step in 
Fig. 5(c)). 
[0051] 

In order to isolate the TFT 201 and MIS type 
photoelectric conversion unit 202, the electrode layer and 
the respective semiconductor layers are removed by 
lithography and etching to form the TFT 201 and MIS type 
photoelectric conversion unit 202 (the inter-element 
isolation step in Fig. 5(d)). At this time, a metal film 
in the region formed into the phototimer detection unit 203 
is removed by etching. 
[0052] 

Lastly, after the transparent electrode 313 made of 
ITO or the like is deposited by sputtering, unnecessary 
portions are removed by lithography and etching. 
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Thereafter, an amorphous silicon nitride film serving as 
the protective layer 315 which protects the TFT 201 and MIS 
type photoelectric conversion unit 202 against dust and 
moisture is deposited by a CVD method or plasma CVD method 
(the transparent electrode/protective layer forming step in 
Fig. 5(e) ) . 
10053] 

According to the method described above, the TFT 201, 
MIS type photoelectric conversion unit 202, and phototimer 
detection unit 203 can be formed in one process. This 
makes it possible to realize a reduction in cost and 
increases in the quality and performance of the X-ray 
imaging apparatus. 

In this case, the respective layers have thicknesses 
optimized to realize the performance of the TFT 201 and MIS 
type photoelectric conversion unit 202 which is required as 
the X-ray imaging apparatus. 
[0054] 

Fig. 6 is a circuit diagram of a phototimer in this 
embodiment . 

The phototimer includes the phototimer detection unit 
203 described above, a phototimer amplification unit 701 
formed from a charge-integrating amplifier which stores and 
amplifies an electrical signal from the phototimer 
detection unit 203, an exposure control unit 702 which 
monitors the voltage output from the phototimer 
amplification unit 701 and controls an X-ray source 706 to 
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set an optimal exposure, an Re/Ex switch 703 which is 
placed on the signal line 308 to distribute electrical 
signals from the signal line 308 to an image signal 
amplifier 805 and the phototimer amplification unit 701. 
[0055] 

The electrical signal output from the phototimer 
detection unit 203 passes through the signal line 308 and 
is amplified by the phototimer amplification unit 701. A 
charge-integrating amplifier is used for the phototimer 
amplification unit 701, which outputs a voltage in 
accordance with the integral of a sent charge quantity. 
[0056] 

In the circuit shown in Fig. 6, since electrons are 
sent from the phototimer detection unit 203, the output of 
the phototimer amplification unit 701 becomes lower than 
that of a power supply 704 for storage. 
[0057] 

That is, a voltage value Vp_h output from the 
phototimer amplification unit 701 decreases in proportion 
to the dose of X-ray to the X-ray imaging apparatus and the 
irradiation time of X-rays, i.e., the intensity of visible 
light emitted from the phosphor 317 and the emission time. 
[0058] 

The voltage Vp_h is monitored by the exposure control 
unit 702 and reaches a desired voltage value, an X-ray 
control signal XC is sent to the X-ray source 706 to stop 
emitting X-rays. 
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[0059] 

A voltage value for stopping the emission of X-rays 
is set by the exposure control unit 702 on the basis of a 
density setting signal. The density setting signal is 
output from a computer to the exposure control unit 702. 
More specifically, the most suitable exposure time is 
•calculated by a computer (not shown in Fig. 6) from the 
radiographic region input by the operator, a region of 
interest in diagnosis, and set values for the tube 
amplifier, and is output as a density setting signal from 
the computer. 
[0060] 

The phototimer amplification unit 701 uses two types 
of reference power supplies for the amplifier. The two 
types of reference power supplies are the power supply 704 
for storage which is a reference power supply set when 
X-rays are emitted, and a refresh power supply 705 as a 
power supply for setting the phototimer detection unit 203 
in the refresh mode. These power supplies are properly 
switched by a control signal V-SEL. 
[0061] 

In order to perform accurate signal amplification, 
the amplifier must be reset before a signal is sent. For 
this reason, a capacitor provided in a feedback circuit for 
the amplifier is properly reset by a reset switch 
RCSW_Photo. The reset switch RCSW_Photo is controlled by a 
control signal RC_Photo. 
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[0062] 

In this case, the respective voltages to be used are 
optimized in accordance with the dynamic range necessary 
for the phototimer. In addition, the gain of the amplifier 
is optimized in consideration of the characteristics of the 
MIS type photoelectric conversion unit 202 and phototimer 
detection unit 203. 
[0063] 

Fig. 7 is a circuit diagram of the photoelectric 
conversion apparatus according to this embodiment. For the 
sake of descriptive convenience, referring to Fig. 7, a 
two-dimensional sensor is used, which has a 3 x 3 pixels 
and uses the phototimer detection unit 203 for only the 
central pixel. However, the number of pixels is not 
limited to this. Likewise, the positions and number of 
phototimer detection units 203 are not limited to those in 
this arrangement. 
[0064] 

The photoelectric conversion apparatus is roughly 
constituted by a two-dimensional sensor 808 formed by 
two-dimensionally (in the form of a matrix) arranging the 
above pixels on the glass substrate 301, a signal 
amplification circuit 801 for amplifying/transferring 
electrical signals from the two-dimensional sensor 808, a 
vertical driving circuit 703 for driving the TFT 201, and 
various power supplies 704, 705, and 804 to 807. 
[0065] 
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The signal amplification circuit 801 includes the 
image signal amplifier 805 which amplifies an electrical 
signal sent from the TFT 201, a sample/hold circuit 804 for 
holding the amplified electrical signal for a predetermined 
period of time, multiplexer circuit 803 which time-serially 
reads sampled/held electrical signals, an output stage 
amplifier 802 for outputting an electrical signal output 
from the multiplexer circuit 803 with a low impedance to an 
external circuit, the phototimer amplification unit 701 
shown in Fig. 6, and Re/Ex switches such as the Re/Ex 
switch 703. 
[0066] 

The phototimer amplification units 701 and 
accompanying Re/Ex switches 703 are provided in numbers 
each corresponding to the number of signal lines on which 
the phototimer detection units 203 are provided. 
[0067] 

For accurate signal amplification, the capacitor 
provided in the feedback circuit for the image signal 
amplifier 805 must be reset before a signal is sent. The 
reset switch RCSW_Photo is provided for this purpose. This 
switch is controlled by the control signal RC_Photo. 
[0068] 

The sample/hold circuit 804 is controlled by a 
control signal SH. The MIS type photoelectric conversion 
unit 202 is switched between the photoelectric conversion 
mode and the refresh mode in accordance with a control 
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signal VSC. The multiplexer circuit 803 outputs a signal 
in synchronism with a CLK signal CLK input thereto. 

Nine TFTs 11 to 33 are ON/OFF~controlled by gate 
electrodes Vgl, Vg2, and Vg3, respectively. 
[0069] 

Referring to Fig. 7, each of the TFTs 11 to 33 is 
identical to the TFT 201 shown in, for example, Fig. 1. 
Each of the gate electrodes Vgl, Vg2, and Vg3 is identical 
to the gate electrode 302 shown in, for example, Fig. 1. 
Each of MIS type photoelectric conversion units sll to s33 
is identical to the MIS type photoelectric conversion unit 
202 shown in, for example, Fig. 1. In addition, each of 
signal lines Sigl to Sig3 is identical to the signal line 
308 shown in, for example, Fig. 1. 
[0070] 

Fig.. 8 is a timing chart showing a driving timing for 
the acquisition of one image by using the two-dimensional 
sensor 808 in Fig. 7. 

In order to obtain an X-ray image, the following 
operation must be sequentially performed: the refresh 
operation of setting the MIS type photoelectric conversion 
unit 202 in the refresh mode and sweeping unnecessary 
electric charge out of the MIS type photoelectric 
conversion unit 202; the storing operation of emitting 
X-rays and storing X-rays transmitted through an object as 
an electrical signal, the phototimer refresh operation of 
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refreshing the phototimer, and the read operation of 
obtaining an X-ray image by sequentially turning on the 
TFTs 201. 
[0071] 

In the refresh operation, first of all, the control 
signal VSC is set at Low to connect the sensor bias line 
314 to a refresh bias 807 to set the MIS type photoelectric 
conversion unit 202 (all to s33) of each pixel in the 
refresh mode. The TFTs 201 (TFT11 to TFT33) of the 
respective pixels are simultaneously turned on, and the 
image signal amplifier 805 is reset, thereby resetting the 
potentials of each signal line 308 (Sigl to Sig3) and 
sensor lower electrode 309. 
[0072] 

After the sensor bias line 314 is connected to the 
refresh bias 807 for a time enough to sweep electric charge 
out of the interface, the switch is switched to a storage 
bias 806 to switch the MIS type photoelectric conversion 
unit 202 (sll to s33) to the photoelectric conversion mode. 
At this time, the TFT 201 (TFT11 to TFT33) is turned on to 
reset the image signal amplifier 805 so as to sweep 
electric charge out of the MIS type photoelectric 
conversion unit 202 (sll to S33) , thus resetting the 
potentials of the signal line 308 (Sigl to Sig3) and sensor 
lower electrode 309. 
[0073] 

At this time, the Re/Ex switch 703 is set at Hi to 
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disconnect the phototimer from the signal line 308 (Sig2) 
so as to reset the amplifier. The amplifier is completely 
reset before emission of X-rays, and the Re/Ex switch 703 
is switched to connect the signal line 308 (Sig2) to the 
phototimer amplification unit 701, thereby preparing for 
storing operation. 
[0074] 

During the emission of X-rays, the voltage value Vp_h 
output from the phototimer amplification unit 701 changes 
as shown in Fig. 8. When the voltage value Vp_h is set to 
a set value by the exposure control unit 702, the X-ray 
control signal XC is sent to the X-ray source 706 to stop 
emitting X-rays. 

At this time, the TFT 201 (TFT11 to TFT33) is kept 
OFF, and the MIS type photoelectric conversion unit 202 
(sll to s33) is kept in the photoelectric conversion mode. 
[0075] 

The above phototimer refresh operation is the 
operation of sweeping electric charge out of the phototimer 
detection unit 203. In this operation, while the signal 
line 308 (Sig2) is connected to the phototimer 
amplification unit 701, the reference power supply for the 
phototimer amplification unit 701 is switched to the 
refresh power supply 705, and at the same time, the 
phototimer amplification unit is reset. 
[0076] 

After the electric charge stored in the phototimer 
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detection unit 203 is sufficiently swept out, a control 
signal Re/Ex is controlled to connect the signal line 308 
(Sig2) to the image signal amplifier 805 to shift to read 
operation. 
[0077] 

In the read operation, a control signal RC (RC_Photo) 
is controlled to reset the capacitor of the image signal 
amplifier 805, and at the same time, the potential of the 
signal line 308 (Sigl to Sig3) is reset before the electric 
charge stored in the MIS type photoelectric conversion unit 
202 is sent to the signal amplification circuit 801. This 
operation is performed to equalize the potentials of the 
signal lines 308 (Sigl to Sig3) , which have been varied by 
the storing operation and read operation. 
[0078] 

After the image signal amplifier 805 and signal line 
308 are completely reset, the voltage of the gate electrode 
302 {e.g., the gate voltage Vgl) is raised until the TFTs 
201 (e.g., the TFT11, TFT12, and TFT13) are turned on, and 
the TFTs 201 are kept ON for a sufficient time for the 
transfer of the electric charge stored in the MIS type 
photoelectric conversion unit 202. After the transfer, the 
voltage of the gate electrode 302 is lowered to turn off 
the TFTs 201. 
[0079] 

At this time, each image signal amplifier 805 outputs 
a voltage proportional to the electric charge stored in the 



- 26 - 



CFM03489/P204-0048 



MIS type photoelectric conversion unit 202. The 
sample/hold circuit 804 is controlled by the control signal 
SH to sample/hold the voltage of each image signal 
amplifier 805. 
[0080] 

This voltage is time-serially read by the multiplexer 
circuit 803 in synchronism with the input CLK signal CLK, 
and is output outside the two-dimensional sensor by the 
output stage amplifier 802. 
[0081] 

By repeatedly resetting the signal line 308 and image 
signal amplifier 805 and turning on/off each TFT 201 by the 
number of times corresponding to the number of gate 
electrodes 302 (Vg) , an X-ray image having undergone proper 
exposure control can be obtained. 
[0082] 

As described above, in this embodiment, an optical 
sensor {phototimer detection unit 203) corresponding to a 
conventional photomultiplier is incorporated in the 
two-dimensional sensor 808 (on the signal line 308), and a 
signal from the phototimer detection unit 203 is integrated 
and monitored to perform exposure control. This allows the 
X-ray imaging apparatus to incorporate the phototimer 
detection unit 203 without affecting the aperture ratio of 
pixels which influence the performance of the X-ray imaging 
apparatus and the characteristics of the MIS type 
photoelectric conversion unit 202. This makes it possible 
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to easily and reliably realize an X-ray imaging apparatus 

which can perform proper exposure control. 

[0083] 

In addition, since the phototimer detection unit 203 
is based on the same principle as that of the 
two-dimensional sensor 808, and the phosphor 317 for 
converting X-rays into light is shared by the phototimer 
detection unit 203 and two-dimensional sensor 808, the 
characteristics of the phototimer can be matched with those 
of the two-dimensional sensor 808. This can perform more 
suitable exposure control. 
[0084] 

(Second Embodiment) 

The second embodiment of the present invention will 
be described next. This embodiment mainly differs from the 
first embodiment in the arrangement of a two-dimensional 
sensor. The same reference numerals as in Figs. 1 to 8 in 
the first embodiment denote the same parts in the second 
embodiment, and hence a detailed description thereof will 
be omitted. 
[0085] 

Fig. 9 shows the schematic arrangement of a 
photoelectric conversion apparatus according to this 
embodiment. More specifically, Fig. 9 shows the 
photoelectric conversion apparatus in which pluralities of 
signal amplification circuits and vertical driving circuits 
are connected to a sensor substrate on which 2,500 x 2,500 
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pixels are arranged. 
[0086] 

A total of 20 signal amplification circuits 801 shown 
in Fig. 7 are connected to the sensor substrate, 10 
circuits each on the upper and lower sides in Fig. 9. One 
signal amplification circuit 801 is connected to 250 signal 
lines Sig. As shown in Fig. 9, phototimer detection units 
203 can be connected to three of the 250 signal lines Sig 
connected to each signal amplification circuit 801. 
Although not shown in Fig, 9, circuits like phototimers 
correspond to those shown in Fig. 7. 
[0087] 

In a two-dimensional sensor 1000 shown in Fig. 9, 
1,250 pixels are connected to one signal line sig, and a 
total of 2,500 pixels are connected to upper and lower 
signal lines. Image signals are simultaneously read 
through the upper and lower signal lines. The time 
required to read image data can be shortened by dividing 
the pixels into upper and lower groups. 
[0088] 

Vertical driving circuits 703 are arranged at four 
positions, i.e., upper left, upper right, lower left, and 
lower right positions. Left and right vertical driving 
circuits (e.g., vertical driving circuits 703a and 703c) 
share a gate electrode Vg and are synchronously driven. 
This makes it possible to prevent a deterioration in image 
quality due to the resistance and capacitance of the gate 
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[0089] 

As shown in Fig. 9, three phototimer detection units 
203 are arranged in group per signal amplification circuit 
801, and are arranged so as not be juxtaposed. 
[0090] 

The phototimer detection units 203 are consecutively 
arranged on one signal line Sig throughout several pixels 
to ten-odd pixels to function as one detection unit.. This 
can make the sensitivity of the phototimer equal to or 
higher than that of a photoelectric conversion element 
(e.g., the MIS type photoelectric conversion unit 202). 
[0091] 

Assume that a plurality of phototimer detection units 
are arranged in one place to have the same sensitivity as 
that of one pixel. In this case, since there is no need to 
perform special electrical correction, exposure control can 
be facilitated. In addition, high-precision exposure 
control can be performed with the characteristics of the 
photoelectric conversion unit (e.g., the MIS type 
photoelectric conversion unit 202) being reflected in the 
control . 
[0092] 

Assume that a plurality of phototimer detection units 
are arranged to have a higher sensitivity than one pixel. 
In. this case, even if the photoelectric conversion unit 
(e.g., the MIS type photoelectric conversion unit 202) is 
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irradiated with a small amount of light, i.e., the amount 
of X-rays transmitted through the human body is small, 
exposure control can be accurately performed in the 
corresponding region. 

Note, however, that when phototimer detection units 
are arranged in this manner, the sensitivity 
characteristics of the phototimer detection units must be 
controlled on the basis of the sensitivity characteristics 
of a pixel. 
[0093] 

In this case, phototimer detection units having 
sensitivity equal to or higher than that of the above pixel 
may be arranged in one two-dimensional sensor 1000. 
[0094] 

Providing the phototimer detection units 203 in the 
entire region of the two-dimensional sensor 1000 as shown 
in Fig. 9 can obtain optimal exposure under any 
radiographic conditions . 

For example, optimal exposure control can be done for 
a region to be radiographed by designating, in accordance 
with the region to be radiographed, an area in which the 
amount of light is measured. 
[0095] 

(Third Embodiment) 

The third embodiment of the present invention will be 
described next. Note that the first and third embodiments 
differ in the detailed arrangement of a photoelectric 
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conversion element. More specifically, the first 
embodiment uses a MIS type photoelectric conversion unit as 
a photoelectric conversion element, whereas the third 
embodiment uses a PIN type photoelectric conversion unit as 
a photoelectric conversion element. The same reference 
numerals as in Figs. 1 to 8 in the first embodiment denote 
the same parts in the third embodiment, and hence a 
detailed description thereof will be omitted. 
[0096] 

Fig. 10 is a sectional view of a pixel formed from a 
combination of a PIN type photoelectric conversion unit as 
a photoelectric conversion element and a TFT as a transfer 
device . 

Like the TFT 201 in the first embodiment described 
above, the TFT is constituted by a gate electrode 1102 made 
of chromium, aluminum, or an aluminum alloy and formed on a 
glass substrate 1101, an insulating film 1103 formed from 
an amorphous silicon nitride film, a channel layer 1104 
made of amorphous silicon hydride (a-Si: H) , an N+ 
amorphous silicon layer 1105 having negative conductivity 
which is formed to obtain ohmic contact between the channel 
layer 1104 and a metal electrode, and source and drain 
electrodes 1106 and 1107 made of a metal such as aluminum 
or an aluminum alloy. 
[0097] 

The PIN type photoelectric conversion unit is 
constituted by a sensor lower electrode layer 1109 made of 
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aluminum or an aluminum alloy, an N+ amorphous silicon 
layer 1110 having negative conductivity which is formed to 
block the injection of holes from the sensor lower 
electrode layer 1109 into a photoelectric conversion layer 
1111, the photoelectric conversion layer 1111 made of 
amorphous silicon hydride, a P+ amorphous silicon layer 
1112 having positive conductivity which is formed to block 
the injection of electrons from a sensor bias line 1114 and 
transparent electrode 1113 into the photoelectric 
conversion layer 1111, the sensor bias line 1114 which is 
made of aluminum or an aluminum alloy to apply a voltage to 
the PIN type photoelectric conversion unit, and the 
transparent electrode 1113 made of a transparent electrode 
material such as ITO. 
[0098] 

Like the phototimer detection unit 203 in the first 
embodiment described above, a phototimer detection unit is 
formed in a signal line 308, and has the same structure as 
that shown in Fig- 3. As described above, this embodiment 
uses optical sensors based on different schemes for a 
phototimer detection unit and a photoelectric conversion 
element . 
[0099] 

A phototimer detection unit in this embodiment 
operates based on the same operation principle as that 
described with reference to Fig. 4 in the first embodiment. 
However, a PIN type photoelectric conversion unit is 
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light on the basis of the principle shown in Fig. 11. 
[0100] 

Each of Figs. 11(a) and 11(b) shows the band diagram 
of the PIN type photoelectric conversion unit in a state 
wherein a negative voltage is applied to the P+ amorphous 
silicon layer 1112 of the PIN type photoelectric conversion 
unit or in a state wherein a positive voltage is applied to 
the N+ amorphous silicon layer 1110. 
[0101] 

Fig. 11(a) shows a state wherein the PIN type 
photoelectric conversion unit is irradiated with no light. 
In this state, a voltage is applied across the PIN type 
photoelectric conversion unit, and electrons are injected 
into the P+ amorphous silicon layer 1112 while holes are 
injected into the N+ amorphous silicon layer 1110. 
[0102] 

The injected electrons and holes recombine in the N+ 
amorphous silicon layer 1110 and P+ amorphous silicon layer 
1112 and cannot flow to the counter electrode through the 
photoelectric conversion layer 1111. In this state, 
therefore, no current flows in the PIN type photoelectric 
conversion unit. 
[0103] 

However, the electric charge trapped in the 
photoelectric conversion layer 1111 is thermally discharged 
and flows outside the photoelectric conversion layer 1111 
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owing to the voltage applied across the PIN type 
photoelectric conversion unit. For this reason, a current 
(dark current) flows, although its amount is smaller than 
that of current generated by photoelectric conversion. 
[0104] 

Fig. 11(b) shows a state wherein the PIN type 
photoelectric conversion unit in the state in Fig. 11(a) is 
irradiated with light. 

When the photoelectric conversion unit is irradiated 
with light, electron-hole pairs are generated in the 
photoelectric conversion layer. Owing to the voltage 
applied to the photoelectric conversion layer 1111, the 
electrons drift to the N+ amorphous silicon layer 1110, and 
the holes drift to the P+ amorphous silicon layer 1112. In 
this case, a current proportional to the amount of light 
can be obtained by setting the voltage applied to the PIN 
type photoelectric conversion unit such that the drift 
times of electrons and holes in the photoelectric 
conversion layer 1111 become sufficiently shorter, than 
their lifetimes. 
[0105] 

A characteristic feature of a PIN type photoelectric 
conversion unit is that no refresh operation is. required 
unlike a MIS type photoelectric conversion unit. In this 
embodiment, since a PIN type photoelectric conversion unit 
is used as a photoelectric conversion element, refresh 
operation described in the first embodiment can be omitted. 
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[0106] 

(Fourth Embodiment) 

The fourth embodiment of the present invention will 
be described next. In this embodiment, a digital X-ray 
imaging apparatus is formed by using the photoelectric 
conversion apparatus descried in the first to third 
embodiments. The same reference numerals as in Figs. 1 to 
11 in the first to third embodiments denote the same parts 
in the fourth embodiment, and a detailed description 
thereof will be omitted. 

[0107] 

Fig. 12 is a view showing an example of the system 
arrangement of a digital X-ray imaging apparatus using the 
photoelectric conversion apparatus described in the first 
to third embodiments. 
[0108] 

Referring to Fig. 12, a photoelectric conversion 
apparatus 1301 is one of the photoelectric conversion 
apparatuses in the first to third embodiments described 
with reference to Figs. 7 to 9. 

A system board 1302 incorporates an A/D converter 
1303 which converts an analog image signal AS output from 
the signal amplifier. (signal amplification circuit 801) of 
the photoelectric conversion apparatus 1301 into a digital 
image signal DS, an exposure control unit 702 which 
monitors the voltage output from a phototimer amplification 
unit 701 and controls an X-ray source 1315 to obtain 
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optimal exposure, and a regulator 1304 for regulating the 
voltage applied from a (external) power supply 1314 into a 
voltage for driving sensors (e.g., two-dimensional sensors 
808 and 1000) and circuits attached to the sensors. 
[0109] 

A control PC 1305 is constituted by a computer 1306 
which calculates an optimal exposure from the input 
information of X-ray irradiation conditions and a 
radiographic region, and if there are a plurality of 
phototimer detection units 203, determines one of the 
phototimer detection units 203, determines a signal from 
which is to be used, and sends a density setting signal to 
the exposure control unit 702, and an image processing 
apparatus 1307 which corrects artifacts due to sensors 
(e.g., the two-dimensional sensors 808 and 1000) and the 
signal amplification circuit 801 so as to form the digital 
data (digital image signal DS) sent from the A/D converter 
1303 into a proper X-ray image, and also makes correction 
to obtain contrast suitable for diagnosis from the exposure 
control information and radiographic region information 
sent from the computer 1306. 
[0110] 

The X-ray image (image data XID) generated by the 
image processing apparatus 1307 can be displayed on a 
monitor 1312, recorded on a storage device 1308 such as a 
magnetic disk drive, or transferred to a hospital LAN 
(Local Area Network) 1317. 
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[0111] 

A console 1309 is a device which inputs patient 
information and radiographic conditions such as an X-ray 
tube voltage, tube current, and radiographic region. The 
control PC 1305 controls the two-dimensional sensors 808 
and 1000 on the basis of the input information. 
[0112] 

An X-ray source console 1310 is used to set a tube 
voltage, tube current, and emission time. The X-ray source 
1315 is driven on the basis of this information. The 
information input to the X-ray source console 1310 is sent 
to the computer of the control PC 1305 to be used for 
calculation for exposure control. 
[0113] 

As described above, in this embodiment, since the 
digital X-ray imaging apparatus is formed by using the 
photoelectric conversion apparatus described in the first 
to third embodiments, optical exposure control can be 
performed by using the phototimers formed in the 
two-dimensional sensor, thereby obtaining a digital X-ray 
image suitable for diagnosis. This makes it possible to 
improve X-ray image diagnosis and reduce the dose of a 
patient by reducing radiographic errors. 
[0114] 

A digital X-ray imaging apparatus which can obtain 
optimal exposure regardless of the radiographic region can 
be provided by using the two-dimensional sensor 1000 
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according to the second embodiment in which the phototimers 
are arranged in the entire area of the photoelectric 
conversion apparatus (the phototimer detection units are 
arranged in the entire area of the two-dimensional sensor) . 
[0115] 

Note that the exposure control unit 702 may be 
incorporated in the control PC 1305, and the regulator 1304 
may be independently connected, as a regulator, to the 
photoelectric conversion apparatus instead of being mounted 
on the system board 1302. 
[0116] 

(Other Embodiment of the Present Invention) 

The present invention also incorporates the following 
arrangement within its category. In this arrangement, in 
order to make the respective devices to operate so as to 
realize the functions of the above embodiments, the program 
codes of software for realizing the functions of the above 
embodiments are supplied to a computer in an apparatus or 
system connected to the respective devices, thereby causing 
the computer (CPU or MPU) in the system or apparatus to 
operate the respective devices in accordance with the 
program codes. 

[0117] 

In this case, the program codes of the software 
themselves realize the functions of the above embodiments, 
and the program codes themselves and a supplying unit for 
supplying the program codes to the computer, i.e., a 



- 39 - 



CFM03489/P204-0048 



recording medium in which the program codes are stored, 
constitute the present invention. As a recording medium 
storing such program codes, for example, a flexible disk, 
hard disk, optical disk, magnetooptical disk, a CD-ROM, a 
magnetic tape, nonvolatile memory- card, a ROM, or the like 
can be used. 
[0118] 

Obviously, the above program codes are included in the 
embodiments of the present invention not only in a case 
wherein the functions of the above embodiments are realized 
when the computer executes the supplied program codes but 
also in a case wherein the functions of the above 
embodiments are realized by the program codes in cooperation 
with the OS (Operating System) , another application software, 
or the like running on the computer. 
[0119] 

In addition, the present invention incorporates a case 
wherein the supplied program codes are stored in the memory 
of a function expansion board in the computer or a function 
expansion unit connected to the computer, the CPU of the 
function expansion board or function expansion unit performs 
part or all of actual processing on the basis of the 
instructions of the program codes, and the functions of the 
above embodiments are realized by the processing. 

[0120] 

The exemplary embodiments of the present invention 
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will be described next. 

(Embodiment 1) A photoelectric conversion apparatus in 
which a read unit for amplifying and reading electric 
charge transferred by a transfer device and a driving unit 
for driving the transfer means are connected to a 
two-dimensional sensor having a plurality of pixels, which 
are two-dimensionally arranged, each formed from a 
combination of a photoelectric conversion element which 
converts radiation or visible light into an electrical 
signal and generates electric charge and the transfer 
device for transferring the electric charge generated by 
the photoelectric conversion element at an arbitrary timing, 
comprising 

a phototimer detection unit for detecting the 
radiation or visible light to control exposure of the 
radiation or visible light, 

wherein a common path is used both as a signal 
transmission path which connects the transfer device to the 
read unit and a signal transfer path of said phototimer 
detection unit. 
[0121] 

(Embodiment 2) A photoelectric conversion apparatus 
comprising 

a two-dimensional sensor having a plurality of 
pixels, which are arranged in the form of a matrix, each 
formed from a combination of a photoelectric conversion 
element which converts radiation or visible light into an 
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electrical signal and generating electric charge and a 
transfer device for transferring the electric charge 
generated by the photoelectric conversion element, 

a read unit for amplifying and reading the electric 
charge transferred by the transfer device, and 

a phototimer detection unit for detecting the 
radiation or visible light to control exposure of the 
radiation or visible light, 

wherein a common path is used both as a signal 
transmission path which connects the transfer device to the 
read unit and a signal transfer path of said phototimer 
detection unit. 
[0122] 

(Embodiment 3) The apparatus according to embodiment 1, 
wherein one or a plurality of phototimer detection unit 
each identical to said phototimer detection unit are 
provided on the signal transmission path which connects the 
transfer device to the read unit. 
[0123] 

(Embodiment 4) The apparatus according to embodiment 1, 
wherein said phototimer detection unit is manufactured by 
similar manufacturing process as that for the photoelectric 
conversion element or the transfer device. 

[0124] 

(Embodiment 5) The apparatus according to embodiment 1, 
wherein 

said photoelectric conversion element has, at least, 
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on an insulating substrate, 

a first electrode layer, 

a first insulating layer for blocking passing of both 
carriers having a first conductivity type and carriers 
having a second conductivity type with opposite electrical 
sign compared to the first conductivity type, 

a photoelectric conversion semiconductor layer formed 
from a non-single crystal semiconductor, 

a second electrode layer, 

an injection blocking layer which is formed between 
the second electrode layer and the photoelectric conversion 
semiconductor layer and blocks injection of carriers having 
a first conductivity type into the photoelectric conversion 
semiconductor layer, and 

a third electrode layer made of a metal, and 
the second electrode layer is formed on the injection 
blocking layer and is transparent to visible light. 
[0125] 

(Embodiment 6) The apparatus according to embodiment 1, 
wherein the photoelectric conversion element, at least, 
includes 

an insulating substrate, 

a first electrode layer formed on the insulating 
substrate, 

a first insulating layer, which blocks passing of 
both carriers having a first conductivity type and carriers 
having a second conductivity type with opposite electrical 
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sign compared to the first conductivity type, formed on the 
first electrode layer, 

a photoelectric conversion semiconductor layer formed 
on the first insulating layer by using a non-single crystal 
semiconductor, 

an injection blocking layer which is formed on the 
photoelectric conversion semiconductor layer and blocks 
injection of carriers having a first conductivity type into 
the photoelectric conversion semiconductor layer, 

a second electrode layer which is formed on the 
injection blocking layer and transparent to visible light, 
and 

a third electrode layer formed between the second 
electrode layer and the photoelectric conversion 
semiconductor layer by using, a metal. 
[0126] 

(Embodiment 7) The apparatus according to embodiment 1, 
wherein the photoelectric conversion element, at least, 
includes, on an insulating substrate, 
a first electrode layer, 

a first injection blocking layer which blocks 
injection of electric charge having a first conductivity 
type, 

a photoelectric conversion semiconductor layer made 
of an amorphous semiconductor, 

a second injection blocking layer which blocks 
injection of electric charge having a second conductivity 
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type different in sign from the electric charge of the 
first conductivity type, 

a second electrode layer which is formed on the 
second injection blocking layer and transparent to visible 
light, and 

a third electrode layer made of a metal. 

[0127] 

(Embodiment 8) The apparatus according to embodiment 1, 
wherein the photoelectric conversion element, at least, 
includes 

an insulating substrate, 

a first electrode layer formed on the insulating 
substrate, 

a first injection blocking layer which is formed on 
the first electrode layer and blocks injection of carriers 
having a first conductivity type, 

a photoelectric conversion semiconductor layer formed 
on the first injection blocking layer by using a non-single 
semiconductor, 

a second injection blocking layer which is formed on 
the photoelectric conversion semiconductor layer and blocks 
injection of carriers having a second conductivity type 
different in sign from the carriers of the first 
conductivity type, 

a second electrode layer which is formed on the 
second injection blocking layer and transparent to visible 
light, and 
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a third electrode which is formed between the second 
electrode layer and the second injection blocking layer by 
using a metal. 
[0128] 

(Embodiment 9) An X-ray imaging apparatus comprising 
a photoelectric conversion apparatus defined in 

embodiment 1 , and 

a phosphor which is bonded on a light-receiving 

surface of said photoelectric conversion apparatus, 
wherein said phosphor converts X-rays having 

information of the human body into visible light. 

[0129] 

(Embodiment 10) An X-ray imaging apparatus comprising 
a photoelectric conversion apparatus defined in 

embodiment 1, 

an electrical signal read unit for reading an 

electrical signal on the basis of X-rays detected by said 

phototimer detection unit of said photoelectric conversion 

apparatus, and 

an exposure control unit for determining an exposure 

from an electrical signal read by said electrical signal 

read unit, and automatically controls an X-ray source to 

obtain an image having an optimal contrast. 

[0130] 

(Embodiment 11) A method of manufacturing a photoelectric 
conversion apparatus, comprising 

a step of forming a first conductive layer on an 
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insulating substrate, and forming a sensor electrode and a 
gate electrode by etching the formed first conductive 
layer, 

a step of sequentially forming a first insulating 
layer and first and second amorphous semiconductor layers 
on a whole surface including the formed sensor electrode 
and gate electrode, 

a step of removing the first insulating layer and 
first and second amorphous semiconductor layers formed in a 
predetermined area on the sensor electrode, forming a 
second conductive layer on a whole surface including the 
removed layers, and etching the formed second conductive 
layer to form a sensor bias line above the sensor electrode 
and form a source electrode layer, drain electrode layer, 
and signal line above the gate electrode, and 

a step of forming an electrode transparent to visible 
light on an area in which the sensor bias line and the 
second amorphous semiconductor layer are exposed. 
[0131] 

[Effect of the Invention] 

As has been described above, according to the present 
invention, a common path is used both as a signal 
transmission path which connects a transfer device for 
transferring the electric charge generated by a 
photoelectric conversion element which converts radiation 
or visible light into an electrical signal to a read unit 
for amplifying and reading the electric charge transferred 
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by the transfer device and a signal transmission path for a 
phototimer detection unit for detecting the radiation or 
visible light for exposure control. This makes it possible 
to incorporate the phototimer detection unit without 
affecting the characteristics of the photoelectric 
conversion element. Therefore, radiography can be done by 
easily and reliably performing high-precision exposure 
control . 

[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a plan view showing an example of one pixel 
of a two-dimensional sensor according to the first 
embodiment of the present invention. 

[Fig. 2] 

Fig. 2 is a sectional view taken along a line A - A' 
.of one pixel of the two-dimensional sensor shown in Fig. 1 
according to the first embodiment of the present invention. 

[Fig. 3] 

Fig. 3 is a sectional view taken along a line B - B' 
of one pixel of the two-dimensional sensor shown in Fig. 1 
according to the first embodiment of the present invention. 

[Fig. 4] 

Fig. 4 are views showing the energy band of a MIS 
type photoelectric conversion unit according to the first 
embodiment of the present invention. 

[Fig. 5] 

Fig. 5 are schematic sectional views sequentially 
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showing the manufacturing steps of a pixel according to the 
first embodiment of the present invention. 
[Fig. 6] 

Fig. 6 is a circuit diagram of a phototimer according 
to the first embodiment of the present invention. 
[Fig. 7] 

Fig. 7 is a circuit diagram of a photoelectric 
conversion apparatus according to the first embodiment of 
the present invention. 

[Fig. 8] 

Fig. 8 is a timing chart showing the drive timing for 
the acquisition of one image according to the first 
embodiment of the present invention. 

[Fig. 9] 

Fig. 9 is a view showing an example of the 
arrangement of a photoelectric conversion apparatus 
according to the second embodiment of the present 
invention. 

[Fig. 10] 

Fig. 10 is a sectional view of a pixel formed from a 
combination of a PIN type photoelectric conversion unit and 
a TFT according to the third embodiment of the present 
invention. 

[Fig. 11] 

Fig. 11 are views showing the band diagram of a PIN 
type photoelectric conversion unit according to the third 
embodiment of the present invention. 
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[Fig. 12] 

Fig. 12 is a block diagram showing an example of the 
system arrangement of a digital X-ray imaging apparatus 
according to the fourth embodiment of the present 
invention. 

[Fig. 13] 

Fig. 13 is a view showing the arrangement of a 
phototimer according to the prior art. 
[Description of the Reference Numerals] 
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202 MIS TYPE PHOTOELECTRIC CONVERSION UNIT 
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401 PHOTOELECTRIC CONVERSION LAYER 
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703 VERTICAL DRIVING CIRCUIT 
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[Type of the Document] Abstract 
[Abstract] 

[Problem] This invention makes it possible to easily and 
reliably perform proper exposure control in executing 
radiography. 

[Solving Means] In an X-ray imaging apparatus, an optical 
sensor (phototimer detection unit 203) corresponding to a 
conventional photomultiplier is incorporated in a 
two-dimensional sensor 808 (on a signal line 308), and a 
signal from the phototimer detection unit 203 is integrated 
and monitored, thereby performing exposure control. This 
makes it possible to incorporate the phototimer detection 
unit 203 without affecting the aperture ratio of pixels 
which influence the. performance of the X-ray imaging 
apparatus and the characteristics of a MIS type 
photoelectric conversion unit 202, thereby performing 
proper exposure control. 
[Selected Drawing] Fig. 6 
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2003-054519 translation of drawings 
[Type of Document] Drawings 

FIG. 1 

201 TFT 

202 MIS TYPE PHOTOELECTRIC CONVERSION UNIT 

203 PHOTOTIMER DETECTION UNIT 
301 GLASS SUBSTRATE 

308 SIGNAL LINE 

314 SENSOR BIAS LINE 

FIG. 2 

301 GLASS SUBSTRATE 

302 GATE ELECTRODE 

303 INSULATING FILM 

304 CHANNEL LAYER 

3.05 N + AMORPHOUS SILICON LAYER 

306 SOURCE ELECTRODE LAYER 

307 DRAIN ELECTRODE LAYER 

308 SIGNAL LINE 

309 SENSOR LOWER ELECTRODE LAYER 

310 INSULATING LAYER 

311 PHOTOELECTRIC CONVERSION LAYER 

312 N+ AMORPHOUS SILICON LAYERS 

313 TRANSPARENT ELECTRODE 

314 SENSOR BIAS LINE 

315 PROTECTIVE LAYER 
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316 BONDING LAYER 

317 PHOSPHOR 

318 PHOSPHOR PROTECTIVE LAYER 
FIG. 3 

301 GLASS SUBSTRATE 

302 GATE ELECTRODE 

308 SIGNAL LINE 

315 PROTECTIVE LAYER 

316 BONDING LAYER 

317 PHOSPHOR 

318 PHOSPHOR PROTECTIVE LAYER 

401 PHOTOELECTRIC CONVERSION LAYER 

402 N+ AMORPHOUS SILICON LAYERS 

403 INSULATING LAYER 

404 TRANSPARENT ELECTRODE 

(1) . . . X-RAYS 

(2) . . . VISIBLE LIGHT 

(3) . . . ELECTRONS 

(4) . . . ROLES 

FIG. 4 

309 LOWER ELECTRODE LAYER 

310 INSULATING LAYER 

311 PHOTOELECTRIC CONVERSION LAYER 

312 N+ AMORPHOUS SILICON LAYERS 
314 SENSOR BIAS LINE 
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501 LIGHT 

502 ELECTRONS 

503 HOLES 

(1) . . . PHOTOELECTRIC CONVERSION MODE 

(2) . . . SATURATED STATE 

(3) ... REFRESH OPERATION 

FIG. 5 

301 GLASS SUBSTRATE 

302 GATE ELECTRODE 

303 INSULATING LAYER 

304 CHANNEL LAYER 

305 N+ AMORPHOUS SILICON LAYERS 

306 SOURCE ELECTRODE LAYER 

307 DRAIN ELECTRODE LAYER 

308 SIGNAL LINE 

309 SENSOR LOWER ELECTRODE LAYER 

310 INSULATING LAYER 

311 PHOTOELECTRIC CONVERSION LAYER 

312 N+ AMORPHOUS SILICON LAYERS 

313 TRANSPARENT ELECTRODE 

314 SENSOR BIAS LINE 

315 PROTECTIVE LAYER 

{1)... GATE ELECTRODE FORMATION 

(2) ... AMORPHOUS SILICON DEPOSITION 

(3) ... ELECTRODE LAYER FORMING 

(4) ... INTER-ELEMENT ISOLATION 
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(5)... TRANSPARENT ELECTRODE/ PROTECTIVE LAYER FORMING 

FIG. 6 

202 MIS TYPE PHOTOELECTRIC CONVERSION UNIT 

203 PHOTOTIMER DETECTION UNIT 
308 SIGNAL LINE 

314 SENSOR BIAS LINE 

701 PHOTOTIMER AMPLIFICATION UNIT 

702 EXPOSURE CONTROL UNIT 

703 Re/Ex SWITCH 

704 POWER SUPPLY FOR STORAGE 

705 REFRESH POWER SUPPLY 

706 X-RAY SOURCE 

805 IMAGE SIGNAL AMPLIFIER 

FIG. 7 

203 PHOTOTIMER DETECTION UNIT 

701 PHOTOTIMER AMPLIFICATION UNIT 

702 EXPOSURE CONTROL UNIT 

(ARROW FROM 702 TO 706) X-RAY CONTROL SIGNAL XC 

703 VERTICAL DRIVING CIRCUIT 

704 POWER SUPPLY FOR STORAGE 

705 REFRESH POWER SUPPLY 

706 X-RAY SOURCE 

801 SIGNAL AMPLIFICATION CIRCUIT 

802 OUTPUT STAGE AMPLIFIER 

803 MULTIPLEXER CIRCUIT 
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804a SAMPLE/HOLD CIRCUIT 

805a IMAGE SIGNAL AMPLIFIER 

806 STORAGE BIAS 

807 REFRESH BIAS 

808 TWO-DIMENSIONAL SENSOR 

FIG. 8 

(1) ... REFRESH OPERATION 

(2) . . . STORING OPERATION 

(3) .-. PHOTOTIMER REFRESH OPERATION 

(4) . . . READ OPERATION 

FIG.. 9 

703a-703d VERTICAL DRIVING CIRCUIT 
801a-801t SIGNAL AMPLIFIER CIRCUIT 
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1110 N + AMORPHOUS SILICON LAYER 

1111 PHOTOELECTRIC CONVERSION LAYER 
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1117 PHOSPHOR 

1118 PHOSPHOR PROTECTIVE LAYER 
FIG. 11 

(1) ... ELECTRON LIBERATED FROM LOCALIZED LEVEL 

(2) ... ELECTRON GENERATED BY PHOTOELECTRIC EFFECT 

(3) . . . ELECTRIC CHARGE TRAPPED AT LOCALIZED LEVEL 

(4) ... BAND DIAGRAM IN DARK STATE 

(5) . . . LIGHT hv 

(6) ... ELECTRON GENERATED BY PHOTOELECTRIC EFFECT 

(7) ... ELECTRON LIBERATED FROM LOCALIZED LEVEL 

(8) ... BAND DIAGRAM IN IRRADIATED STATE 

1110 N + AMORPHOUS SILICON LAYER 

1111 PHOTOELECTRIC CONVERSION LAYER 

1112 . P + AMORPHOUS SILICON LAYER 



FIG. 12 
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1302 SYSTEM BOARD 

1303 A/D CONVERTER 



- 58 - 



1304 


REGULATOR 


702 


EXPOSURE CONTROL UNIT 


1305 


CONTROL PC 


1306 


COMPUTER 


1307 


IMAGE PROCESSING APPARATUS 


1308 


STORAGE DEVICE 


1309 


CONSOLE 


1310 


X-RAY SOURCE CONSOLE 


1311 


PRINTER 


1312 


MONITOR 


1313 


EXTERNAL STORAGE DEVICE- 


1314 


POWER SUPPLY 


1315 


X-RAY SOURCE 


1316 


HOSPITAL LAN 


(1) • 


. VARIOUS VOLTAGES 


(2) . 


. ANALOG IMAGE SIGNAL AS 


(3) . 


. X-RAY CONTROL SIGNAL XC 


(4) . 


. DENSITY SETTING SIGNAL 


(5) . 


. CONTROL SIGNAL 


(6) . 


. DIGITAL IMAGE SIGNAL DS 


(7) .. 


. IMAGE DATA XI D 


FIG. 


13 


101 


X-RAY SOURCE 


102 


X-RAY 


103 


HUMAN BODY 


104 


PHOSPHOR 



CFM03489/P204-0048 



- 59 - 



105 


FILM 


106 


VISIBLE LIGHT 


107 


PHOTOTIMER 


108 


PHOSPHOR 


109 


SHIELD SHEET 


110 


VISIBLE LIGHT 


111 


LIGHTGUIDE 


112 


PHOTOMULT I PL I ER 


113 


INTEGRATING CAPACITOR 


114 


PROCESSING CIRCUIT 


115 


COMPARATOR 


116 


DENSITY SETTING DEVICE 


117 


X-RAY SOURCE CONTROL SIGNAL 



CFM03489/P204-0048 



- 60 - 



mu type of -BocuMSNT n&< I 




3ii %mm 




(a) 



309 -FSPMJi 



302 r-mm 



301 mmsi 



V//////////////S 

-0) 



311 %%&®m 

312 N+7W7Xy'Jq>Ji 



305 N+rWrXy'J^Jf 

C 304 num 




(d) 



312 N+7»W/J»Ji y^ Mfi 307 KMVMB 
/ 314 t>Mm|g 306 / 308 <I-EBg 



303 feflM 304 frttj| 



313 smift' 



315 {mm 



(e) 



[»«] 




Pre?. ST 



791 V* h£-f-7— 7>7U 
■^RCJ>hoto 

796 mm 




XlftWUPfi-^XC 
I 702 gamm 

704 Sams 



-203 h^-f T-^ajg|J 
-308 Mi 
^314 >+>■-/ \VTX^ 



M<6 



CO 
[ 



-1316 gfttt 



%*ftil$lB -1301 



1304 



1303 



-1302 




